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After going through this Unit you should be able to explain:

0

0

the role ofmoney in facilitating the transaction in a standard two period overlapping
generations model of exchange;
why money has positive value in an economy where money is the only medium of
exchange; and
the role of money in a model where people derive direct utility by holding money.

1 1 INTRODUCTION
As you know, money is the medium of exchange. In old days gold and silver were
used as the medium of exchange. These were commodity money, which had some
value apart from their role as medium of exchange. However, in the modern world,
money is typically paper money which does not have any worth on its own: its only
value is in terms ofthe commodities that you can buy in exchange.
Money also serves a second purpose. In so far as money is needed to cany out any
exchange, it is also usedasa store of value. However, as a storeof value, money is typically
dominated by all other assets in the sense that holding money involves zero return in
nominal terms, whereas all other assets carry some positive return in nominal terms.
Then why is paper money valued at all? Here we shall seek the answer to this question.
The neoclassicalgrowthmodelsthat you have studied so fhr are based on the assumption
thatthere is a singlefinalcommodity.Henceall payments-including the wagefate and
the rate of interest - are made in terms ofthis final commodity. There is no money. In
this chapter we shall see how the presence of money affectsthe real decisionsand the
dynamicequilibria in these models.

10.2 MONEY IN THE OVERLAPPING
GENERATIONS MODEL
For moneyto be valued it must facilitate the exchangepmess. Samuelson's overlapping

generations (henceforth OLG)set up can illusbatethe usefidness of money as a medium
of exchange.
Let us look at an OLG model of exchange. The structure ofthe model is very similar to
the OLG growth model that you have studied earlier. The only difference is that the
present model is an OLG model of exchange'-there is no production.
The household sidq of the story is exactly same as before. Each generation lives exactly
ifor two periods. Thus for the cohort of individuals who are born at the beginning of
period 't', they are alive in period 't' (when they are young) and in period 't+l' (when
they are old). On the other hand, a new set of individuals are born at the beginning of
period t+l, who would be alive in period 't+l' and period 't+2' respectively. The set
of people who are born at the beginning of period t will be called 'generation t'.
Population in successive generations grows at the rate n. We shall assume that the
initial stock of population ( Lo)was unity, so that number of people belonging to
generation t is given by: Lt = (1 + n)' .
The representativemember of generation t is endowed with one unit of a consumption
good when young and receives no endowment when old. This consumption good is
perishable; hence it cannot be stored forfuture consumption.On the other liand money
can be stored. Thus anybody who intends to consume in the next period must sell the
commodity in exchange of money in the first period and then again buy back the
commodity against money in the next period. The two-period utility function of the
representative member is given by U(c,,,c,, ) , where the utility function has all the
standard properties.
At any period the consumption possibilities fiom the society's point of view is shown in
the following diagram. The horizontal axis measures the per capita consumption of
young and the per capita consumption of the old. Note that at any point of time t, the
total endowment of goods is given by L, (since each young person receives 1 unit and
there are L, number of young personsin the economy at point t). Ifthe entireendowment
is consumed by the young, then each ofthem consume one unit, which is denoted by
point Aon the horizontal axis. If, on the other hand, the entire amount is consumed by
the old, then each of them consume (l+n) units, which is denoted by point B on the
vertical axis. The straight line joining these two points represents the society's
consumption possibility frontier: each point on this line representsa certain distribution
of the total endowment between the young and the old (see Fig. 10.1).

Fig. 10.1: Consumption Possibility Frontier
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Let us now see what is the best point fiom an individual's point of view. The individual
has an utility function U(c,,,c,, ) . If he could choose between all the points on the
consumption possibility fiontier then he would have chosen the point which would
have maximized his life-time utility. This point is represented by point E in Fig. 10.2.

Fig. 10.2: Lifetime Utility Maximisation

It is however important to note that without money, this point is not reachable by
any individual. In other words, a simple trade between the current young and the
current old cannot ensure that point E is reached. Why not? The reason is the following.
In order to reach the point E the current young will have to give a part of their
endowment to the current old. In exchange they will have to be given part of the
endowment of tomorrow's young generation. Since tomorrow's young generation is
not present'yet, such a contract cannot be enforced on them tomorrow. So no trade
can take place.
Let us now see how introduction of money can help everybody to reach the optimal
point. Suppose at time t the government gives the current old generation an amount of
money,
which is equally distributed among all the members ofthe current old
generation. Sup'pose everybody in the economy (including the future generations)
believes that they will be able to exchange money for goods at a certain price. The
price level can vary from time to time depending on the demand for and supply of
money. Let4 denote the price level at time t. It is obvious that the current old
generations are the suppliers of money. But who demands money? The demanders are
the current young. Why do they demand money? Since money is not perishable (while
the consumption good is perishable),the young generation can store the money and in
the next period (when they are old) can exchange it for goods so as to reach the
optimal pint. To see the argument more clearly, let us consider the maxinizationproblem
of a representative member of generation t. He will maximize his utility U(c,,, c,, )
subject to the following two constraints:

a,

4 (1 - c,,)= M: ; and
where ~ , isdthe demand for money by the representativemember of generation t.
The underlying intuition behind these two constraints are quite straight forward. The
first constraint says that out ofhis endowment of one unit of h a 1good,the representative
member of generation t saves an amount (1 - c,,) when young. This amount he
exchanges for money at period t at the current price P, . Thus P, (1 - c,,) constitutehis

total demand for money in period t. In the next period he sells the stored money M:
to the young members of generation 1+1 at a price
consumption c,, = A4,d /

<+,, to get a second period

<+,. Rearrangingthe terms we get the second constraint.

Eliminating M,! from the above two constraints,we can generate a single constraint:

Maximizing utility subject to this single constraint one can derive the following first
order condition:

U1 (el,

r:
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4+1 . This firstorder conditionalong with one

of the constraints in turn defmes the optimal demand for money function in real terms

Next we characterize the equilibrium in the money market. At time reach of the current
young demands M,! amount ofmoney. Hence the total demand for moiley at time t is
givenby L,M,!,o~

+

($Iq<

.On the other hand, the entire old generation

receives a money endowment equal to . Thus the total supply of money at period t
is given by . Equating demand and supply, we get the money market equilibrium
.conditionat period t as:

a

Note that

LA)

is the rate of return on money in real terms. It has close link with the

<+I

LL)

rate of deflation. The latter concept is defined as? ,where (1 + nt 'I) '

<+I

. Thus

we can write the money market equilibrium condition at any period t in terms of the
current rate of deflation and the current price level in the following way:

Notice that the money market equilibriumcondition definesa short m equilibriumrate .
of deflation for every point of t h e . At time t the equilibriumrate of deflation is given by
(1 + n ) ~ ( l zr,
+) = ,and at time t+l the equilibrium rate of deflation is given by

a

a.

(1 + n)'+'L,.~(l+ ~ , + ~ )=4 + ,

Comparing

the

two

we

get:

Since there are only two commodities - the !kal good and money - money market equilibrium
in any period, by Walras' Law, implies that the goods market is also in equilibrium.
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i.e.,

+ )
( l + n , ) = ( l + n ) ~ ( 1 R,+,
. At the steady state (long run equilibrium) the rate
+ n,

FO

1

of deflation is constant which, fiom the above equation, implies that n, = n,,, = n .
That is, at the long run equilibrium, the rate of deflation is equal to the rate ofgrowth of
population.
.Witha rate of deflation equal to n, the budget line of an individual (which is represented
by the equation, 4 (1 - c,,) = P,,, .c,, ) coincideswith line AB in fig. 10.2 and therefore
the representativeindividual chooses the optimal point E, which maximizes his utility,
Thus introduction of money in this overlappinggenerationsmodel enables the members
to reach the optimal point which was earlier unattainable in the barter economy (without
money).
While the overlappinggenerations model highlights the usefulness of money, the model
is inadequate as atheory.ofmoney. In the OLG model discussed above, money is the
only asset which can be used as a store of value. Had there been any other asset (say,
physical capital) with areturn higher than money, money would have ceased to have
any positive value in this framework. Aproper theory of money must explain why
money continues to be valued despite being dominated in terrns of return by other
assets. We now turn to other theories of money which address this issue.
Check Your Progress 1
1)

In a barter economy introduction of money may enable people to reach the socially
optimal outcome - do you agree? Elaborate in the context of a two-period
overlappinggenerations model of exchange.

10.3 CASH-IN-ADVANCEMODEL
The cash-in-advance model emphasizesthe role of money as a medium of exchange.
The model starts with the assumption that ''money buys goods, goods buy money but
goods do not buy goods".This assumption is known as the 'Clower' consba.int or the
'cash-in-advance' constraint. The term 'cash-in-advance' implies that to buy goods
one must accumulate some cash in advance; one cannot directly exchange goods for
goods.

In its simplest form the cash-in-advance model specifies that purchase of goods must
be paid for with money held at the beginning of the period. The formal presentation of
the model is as follows.
Let the utility functionof an infinitely lived representative agent be

where c l ,c 2 , ,.....,cn represent the consumption of goodl, good2, good 3, ..., good
n respectively. The agent cankeep his savings either in the form of money, which earns
zero nominal return, or in the form of bond which yields apositive nominal return
denoted by p . The agent starts with a certain stock of money and a certain stock of
bond. He also has an income Yat each period Hence the period t budget constraint of
the agent is given by:

It is easy to see that since bonds earns positive return while money earns zero return
(that is, money is dominated by bond), maximization of the utility function subject to
this budget constraint will generate an optimal solution where holdingof money will be
zero.
Now suppose we add a cash-in advance constraint to this framework. That is, we
n

4 ' ~5:M I . This constraint says that

specify an additional constraint ofthe form:
r=l

all the purchases must be carried out from the stock of money. One can show that the
solution to the Kuhn-Tucker maximization problem with this additional constraint will
imply the optimal money holding is no longer zero. In other words, adding a cash-inadvance constraint immediately generates a demand for money.

Check Your Progress 2
1)

What is Clower constraint? How does it ensure that money has positive value?
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10.4 MONEY IN THE UTILITY FUNCTION
The cash-in-advance model described above highlights the transaction demand for
money. There exists a second approach which emphasizes the fact that money might
provide some utility on its own. In the latter approach money, or more precisely the
amount of real baIances, enters directly into individual's utility function. We describe
below amodel which uses this h e w o r k . The specific model that we shall consider
here is due to Sidrauski.The model is an extension of the Ramsey model which allows
for holding of money.
As is the Ramsey model we assume that at each point of time t the society consists
of L, number of infinitely lived individualswho have identical preferences. The utility
4)

functionof the representativeindividual is given by W = J U ( S = mt ) exp-"

,where 6,

0

and m, are respectively the per capita consumption and the per capita holding of real
balances in period t, u(c,) is the associated instantaneous utility in period t, and p is
the subjective discount rate of the agent. The instantaneous utility function is wellbehaved and has d l the standard properties: u,,u,, > 0; u,, ,u,, > 0 . The population
in this economy grows at a constant exogenous rate n.
People can hold their wealth either in the form of money or in the form of physical
capital. At each point of time the governmentdistributes certain amount of new money
stock equally among the households. These constitute transfers which in real terms is
denoted by X , . Accordingly the society's budget constraint at period t is given by:

capita capital stock and n is the rate of inflation, we can write the budget constraint in
per capita terms as:

Note that per capita household wealth is given by a = m + k . Therefore we can write
the above budget constraint in terms of per capita wealth as:

As in the Rarnsey model, the completedynamic optimizationproblem for the household
can now be writtenin terms of the three time dependent variables per capita consumption
( c, ), per capita real money balances holding ( m, ) and per capita asset stock ( a, ):
Q

W = I U ( ~m,)exp"'
,
dt
48

0

da
subject to - = w, + ( q - n)a, + x,- c, - (z, + r, )mt ;a, given.Also the household
dl

treats the wage rate ( w,), the rate of interest ( r, ), the rate of inflation (z,)and the
transfer from government ('x, ) as exogenously given. Thus for the household now
there are two control variables, c, and m, , and one state variable a, .The corresponding
Harniltonian hnction and the first order conditions in terms of the control, state and
co-state variables are given by:*

lim A,a, = 0 .
/+m

Additioilally there is the No-Ponzi-Game condition given by
-l(rr-n)dr

~i)

lim a, exp "

20

,+o

Finally notethat whilethe household treats: w,, r,,n,and x, as exogenous to its decision
making process, it nonetheless has perfect foresight so that it can exactlygrressthe
correct values of these variables at every point of time. Accordingly in equations (i)(vi) we can put w, = f (k,) - k, f '(k,) and r, = f '(k,) .Also as we have mentioned
before, the new money is distributed as government transfer (in real terms) to the
households, s o that
X

=-'

(

1

I
-I dM
LIP, M
dt

XI =

"to,

. We can

write this latter term as

where o is therate ofgmwth ofnominal money stock.

Let us now look at the steady state of this economy. At steady state

dm
dA
0 . The condition-= 0 implies K = cr - n . Puttingthese and
dt dt
dt
dt
the other steady state conditions in equations (i)-(iv), we get the steady state per
capita capital stock and the steady state per capita consumptionas: f'(k ) = p + n ;
da - dm
---=-=

and c* = f (k*) - nk*. Comparing these values with the corresgondig steady state
To know the mathematical technique go back to the Mathematical Appendix o f Unit 9 where
the infinite horizon Rarnsey model has been discussed.

Money and the Role of
Monetary Policy

intertemporal
Decision-Making

MONEY IN THE UTILITY FUNCTION
The cash-in-advance model described above highlights the transaction demand for
money. There exists a second approach which emphasizes the fact that money might
provide some utility on its own. In the latter approach money, or more precisely the
amount of real balances, enters directly into individual's utility function. We describe
below amodel which usesthis h e w o r k . The specific model that we shall consider
he^ is due to Sidrauski.The model is an extension of the Rarnsey model which allows
for holding of money.
As is the Rarnsey model we assume that at each point of time t the society consists
of L, number of infuzitely lived individuals wha have identical preferences.The utility
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t ) exp-' ' dt ,where t,
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and m, are respectively the per capita consumption and the per capita holding of real
balances in period t, u(c,) is the associated instantaneous utility in period t, and p is
the subjective discount rate of the agent. The instantaneous utility function is wellbehaved and has all the standard properties: u,, u,, > 0; u, , u,, > 0. The population
in this economy grows at a constant exogenous rate n.
People can hold their wealth either in the form of money or in the form of physical
capital. At each point of time the government distributes certain amount of new money
stock equally among the households. These constitute transfers which in real terms is
denoted by X,
. Accordingly the society's budget constraint at period t is given by:

1 dK dk
1 1 dM dm
Noting that - -=- +nk and -.-= - + nm + m, where k is the per
L dt dt
L P dt
dt
capita capital stock and x is the rate ofinflation, we can write the budget constraint in
per capita terms as:

Note that per capita household wealth is given by 0 = m + k . Therefore we can write
the above budget constraint in terms of per capita wealth as:

As in the Ramsey model, the completedynamic optimizationproblem for the household
can now be written in terms ofthe three time dependent variables per capita consumption
(c, ),per capita real money balances holding ( m,) and per capita asset stock ( a, ):

da
subject to - = W , + (r, - n)a,+ x,- c, - (n,+ r, )m,;a, given.Also the household
dt
treats the wage rate ( w, ), the rate of interest ( r, ), the rate of inflation (n, ) and the
transfer from government (x, ) as exogenously given. Thus for the household now
there are two control variables, c,and m,, and one state variable a, .The corresponding
Hamiltonian function and the first order conditions interrns of the control, state and
co-state variables are given by:2

dA

-= -Af(a, - n)
dt

)

limA,a,=O.
1 3 0 3

Additionally there is the No-Ponzi-Game condition given by

-I(
I

rr-n)itr

1 0 ..

lima, exp

~)

,+o

Finally note that while the householdtreats: w,, r,,n,and x, asexogenousto its decision
making process, it nonetheless has perfect foresight so that it can exactly guess the
correct values of these variables at every point of time. Accordingly in equations (i)(vi) we can put w, = f(k,)- k,f'(k,) and r, = f '(k,) . Also as we have mentioned
before, the new money is distributed as government transfer (in real terms) to the
households, so that

. We can write this latter term as

(-I dt )
M

m,c,where is the rate of growthof nominal money stock.

X

I
=--L
L, P,

liM

Let us now .look at the steady state of this economy. At steady state

da --dm d;l
---=

dm
0 . The condition-= 0 implies n = a - n . Putting these and
dt
dt
dt
dt
the other steady state conditions in equations (i)-(iv), we get the steady state per
capita capital stock and the steady state per capita consumption as: f'(k*) = p + n ;
and c'

= f(k*)- &*

. Comparing these values with the correspondingsteady state

To know the mathematical technique go back to the Mathematical Appendix of Unit 9 where
the infinite horizon Ramsey model has been discussed.
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values ofthe original Ramsey model without money (described in unit 9), we fmd that
they are exactly identical, Thus introduction ofmoney to the Ramsey model does not
affect the real equilibrium.
-

--

POLICY IMPLICATIONS
We have so far discussed three different dynamic frameworks with money. Note that
the stock of money often constitutesan important policy variable in the hand of the
government. By varying the stock or the rate of growth of money the government may
influence the real decisions of the agents. Let us now examine the effectiveness of
monetary policy in these different frameworks.
Let us first consider the OLG framework. If the government increases the stock of
money in each period at a constant rate and distributes it as lurnpsum transfer to the
old generation, then that increases the second period endowment of the old. An increase
in the second period endowment will unambiguouslydecrease savings which in turn
will affect the price level and therefore the rate of inflation. Note that the negative of the
rate of inflation (i.e., the rate of deflation) is the real return on money holding. Hence a
change in the inflation rate implies a change in the real return to money, which will affect
the optimal decision about the other real variables as well. Thus in the OLG framework
money is not neutral.

In the Cash-in-advancemodel also increasing the supply of money eases the Clower
constraint and enables the householdsto buy more goods. Thus as long as the Clower
constraint is binding, money affects the real variables.

In the money-in-the-utility-function approach, on the other hand, the steady state values
of the real variables are unaffected by the introductionof money. To be more precise,
the rate ofgrowth ofmoney stock does not affect the real equilibrium. This result is
known as the 'supemeutrality' ofmoney. Thus monetary policy has no role to play in
this model.

li

Check Your Progress 3

1) If one introduces money in the Ramsey model how does the long run equilibrium
values of the real variables change?

------------------------------------------------------------------------------2) Can change in the money supply have any impact on the real variables? Discuss
your answer in the context of the different model of money that you have studied
here.
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10.6 LET US SUM UP
Inthis unit, we have lookedat the role of money in an economy. First we have introduced
money in the standard overlappinggenerations fbmeworkof exchange. We have seer1
that in this h e w o r k money allows the economy to reach its optimal point. We also
discuss the role of money in the presence of Clower constraint when all transactions
must be carried out in terms of money. We also discuss the role of money in a model
where people derive direct utility from money. This latter model is an extension of the
Ramsey model. We find that introduction of money has no impact on the real variables
in this model.

10.7 KEYWORDS
Clower Constraint

A situation where money is the only medium
of exchange so that any transaction requires
money.

Super-neutralityof Money

A situation where a change in the rate of
growth of money stock does not have any
impact on the equilibrium values of the real
variables in the economy.
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PROGRESS EXERCISES
Check Your Progress 1
1)

Read Section 10.2 and write your answer.

Check Your Progress 2
1)

Read Section 10.3 and write your answer.

Check Your Progress 3

1)

Read Section 10.4 and write your answer.

2)

Read Section 10.5 and write your answer.

